The Landau problem on the flag manifold F 2 = SU (3)/U (1) × U (1) is analyzed from an algebraic point of view. The involved magnetic background is induced by two U (1) abelian connections. In quantizing the theory, we show that the wavefunctions, of a non-relativistic particle living on F 2 , are the SU (3) Wigner D-functions satisfying two constraints. Using the F 2 algebraic and geometrical structures, we derive the Landau Hamiltonian as well as its energy levels. We show that the Lowest Landau level wavefunctions coincide with the coherent states for the mixed SU (3) representations. We discuss the quantum Hall effect for a filling factor ν = 1. More precisely, we show that the particle density is constant and finite for a strong magnetic field. In this limit, we also show that the system behaves like an incompressible fluid.
Introduction
The two-dimensional quantum Hall effect (QHE) [1] remains among the successful phenomena in condensed matter physics. In fact, this subject continue nowday to be investigated in different manifolds [2, 3, 4, 5, 6] and various context [7] . The first attempt towards a high dimensional generalization of QHE was formulated by Hu and Zhang [2] on S 4 . Their main motivation is based on the fact that QHE on S 4 could give a way to formulate a quantum theory of gravitation. More precisely, the edge excitations for the quantum Hall droplet could lead to higher spin massless fields, in particular the graviton. Subsequently, many interesting studies have been done on different higher dimensional manifolds [7] . In particular, Karabali and Nair [3] have been employed a method based on the group theory approach to deal with QHE and related issues on the complex projective spaces CP k as well as the fuzzy spaces [6] .
The noncompact counterpart of CP k , say the Bergman ball B k , was considered recently both analytically [8] and algebraically [9] . Using the group theory approach and considering a system of particles living on B k in the presence of a U (1) background field, we have investigated QHE. This was based on the fact that B k can be viewed as the coset space SU (k, 1)/U (k). This was used to get wavefunctions as the Wigner D-functions submitted to a set of suitable constraints and to map the corresponding Hamiltonian in terms of the SU (k, 1) right generators. This latter coincides with the generalized Maass Laplacian in the complex coordinates. The Landau levels on B k are obtained by using the correspondence between the two manifolds CP k and B k . In the lowest Landau levels (LLL), the obtained wavefunctions were nothing but the SU (k, 1) coherent states. Restricting to LLL, we have derived a generalized effective Weiss-Zumino-Witten action that describes the quantum Hall droplet of radius proportional to √ M , with M is the number of particles in LLL. In order to obtain the boundary excitation action, we have defined the star product and the density of states. Also we have introduced the perturbation potential responsible of the degeneracy lifting in terms of the magnetic translations of SU (k, 1). Finally, we have discussed the nature of the edge excitations and illustrated this discussion by giving the disc as example. Based on the previous results related to QHE on CP k and B k , it is natural to consider the Landau problem on other spaces as for instance the flag manifold F k = SU (k + 1)/U (1) k and discuss QHE. The flag manifolds [10] have appeared in physics in different contexts as target manifolds for sigma model or in a geometric formulation of the harmonic superspace. These special homogeneous spaces have interesting geometric properties, which relevant to discuss different issues. Indeed, they are Kähler manifolds and therefore possess a symplectic form, which is relevant to discuss QHE. This suggests to consider the Landau problem on the coset space SU (k + 1)/U (1) k and discuss its basic features. In the present paper, we restrict ourselves to the particular case k = 2. The case k = 1 corresponding to two-sphere F 1 = CP 1 was considered previously in many works, for instance see [3] .
More precisely, we consider a system of particles living on the flag manifold F 2 . Taking advantage of the fact that the space F 2 can be seen as the coset space SU (3)/U (1) × U (1), we analyze the quantum mechanics of the present system. Due to the geometrical nature of the considered manifold, we show that the particles are submitted to the action of two magnetic backgrounds. In quantizing the theory on F 2 , we obtain the wavefunctions as the SU (3) Wigner D-functions satisfying two constraints. To derive the corresponding Hamiltonian H, we consider the right SU (3) generators. By establishing the relations between the right generators and the covariant derivatives, we obtain the second order differential form of H. Using the SU (3) representation theory, we derive the Landau energy levels indexed by four integer quantum numbers. Restricting to LLL, we find a ground state completely different from that of the same system on CP 3 or R 6 . We analyze QHE by building the generalized Laughlin states and evaluating the particle density. The incompressibility of these states is also considered.
The present paper is organized as follows. In section 2, we review some mathematical tools related to the flag manifold F 2 needed for our task. In particular we review the parametrization of F 2 , mixed unitary representations and the Perelomov coherent states of the group SU (3). In section 3, by quantizing the dynamics of a system of particles on F 2 , we express the wavefunctions as the Wigner D-functions satisfying two constraints. The geometrical origin of the magnetic background will be discussed in section 4. Also we show that the magnetic field is a superposition of two abelian background species. Moreover, we construct the Hamiltonian as second order differential in terms of the F 2 local coordinates. In section 5, using the SU (3) representation theory, we give the energy levels and wavefunctions. We construct the Laughlin states for the fractional QHE at ν = 1 m , with m odd integer. We evaluate the particle density as well as two-point correlation function. In fact, we show the incompressibility of Hall system for large magnetic field strength. We conclude and give some discussions as well as perspectives in the last section.
Flag manifold F 2
We begin by introducing the flag manifold F 2 and related matters. In fact, to discuss the quantum mechanics of a particle living on F 2 , we need to consider the parametrization of the present manifold. Note that F 2 is a compact Kähler manifold and homogeneous but nonsymmetric parameterized by three local complex coordinates u α , with α = 1, 2, 3. Algebraically, F 2 can be realized as the coset space
This realization is interesting in sense that it will allow us to use the group theory approach needed for our task. The flag manifold is equipped with the hermitian Riemannian metric
The corresponding Kähler form is
Since that ω is closed, i.e. dω = 0, the components of the magnetic field expressed in terms of the frame fields defined by the metric are constants. This is interesting in sense that it will be used to discuss QHE on the flag manifold. The metric elements g αβ , which form a positive definite matrix, can be defined by
where K = K(u,ū) is the Kähler potential, such as
The functions ∆ 1 and ∆ 2 are given by
It is clear that ω is related to K(u,ū) by
This suggests that, one can decompose ω into two components
where ω 1 and ω 2 read as
With the coset space realization (1), an element of the manifold F 2 can be written as lower triangular matrix in terms of the local coordinates. This is
Note that, the elements of the group SU (3) are represented by 3 × 3 unitary matrices with determinants equal one. Moreover, they are generated by traceless Hermitian matrices, which are linearly independent generators t a , a = 1, 2, · · · , 8. These can be mapped in terms of the Gell-Mann matrices λ a , such as
They verify the normalization conditions
In terms of the matrices t a , the Weyl generators, which are the raising and lowering operators, can be realized as
The Cartan subalgebra corresponding to SU (3) is generated by the elements
From (10) , it is clear that F 2 can be also written as another coset space. This is
where B + is the Borel subgroup of the upper triangular matrices with determinants equal one. This is the so-called Iwazawa decomposition [10] . Comparing (15) with the definition (1), one can see that there is an isomorphism such that
The mapping SU (3)/U (1) × U (1) → SL(3, C)/B + is a generalization of the stereographic projection in the SU (2) case. Note that, u given by (10) , does not necessarily to be an unitary matrix. To obtain the corresponding unitary matrix v ∈ SU (3), we firstly consider u as element of SL(3, C). It can be expressed in terms of the column vectors
given by
where t stands for matrix transposition. Secondly, by applying the Gramm-Schmidt orthogonalization process, we obtain, from (c 1 , c 2 , c 3 ), a set of mutually orthogonal vectors (e 1 , e 2 , e 3 ). They are
where the inner product is defined as usually
Defining the normalized vectors by
we get another element in SU (3) mapped in terms of the local coordinates u α , namely
This form is convenient to calculate the Maurer-Cartan one-form and then generate the magnetic background indispensable to discuss the Landau problem as well as QHE on the flag manifold. At this level, it is interesting to note that there is a one-to-one correspondence between the coset representative u ∈ SU (3)/U (1)×U (1) and the coherent state representation. Our interest in the SU (3) coherent states is mainly motivated by the fact that they are exactly the LLL wavefunctions of the quantum system living on the manifold F 2 , as we will see later. The unitary irreducible representations (UIR) of SU (3), denoted by J ≡ (p, q), are finite dimensions and labeled by two positive integers p and q. The dimension of the corresponding Hilbert space
The orthonormal basis of H (p,q) writes as
where the sets of non-negatives integers (p 1 , p 2 , p 3 ) and (q 1 , q 2 , q 3 ) satisfy two constraints
It is well-known that J can be realized via a tensor O with p indices belonging to UIR (1, 0) and q indices to UIR (0, 1), which has (p + 1)(q + 1)(p + q + 2)/2 complex components O j 1 ,j 2 ,···,jp k 1 ,k 2 ,···,kq . It is completely symmetric separately in the upper and lower scripts and traceless, i.e. contraction of any upper index with any lower one gives zero. The explicit correspondence between the tensor components and the basis vectors (25) can be found in [11] . In H (p,q) , the highest weight vector
satisfies the condition t +i |λ = 0, i = 1, 2, 3.
Also it is a common eigenvector of the Cartan subalgebra generators of SU (3)
As we will show next, the LLL wavefunctions of the quantum particle on F 2 coincide with the SU (3) coherent states. For this, we shall sketch some important facts about the definition and construction of the coherent states. To begin, we choose the highest vector |λ as a reference state and denote by T a stationary subgroup. It is defined as a subgroup of SU (3) leaving |λ invariant up to a phase factor, namely
Note that, the isotropy subgroup T includes the Cartan subgroup U (1) × U (1). As any element g ∈ SU (3) can be uniquely decomposed into g = φh, one can have
Thus, the coherent states can be defined by
and therefore they are functions of the coset space SU (3)/T . The maximal stability group T is U (2) for the completely symmetric representation (p, 0) or its adjoint (0, q). In such case, the coset space SU (3)/T is the complex projective space CP 2 . For a generic representation of type (p = 0, q = 0), T = U (1) × U (1) and thus the coset space is the flag manifold F 2 , which is of interest in the present analysis.
The coset representative element φ can be identified with the unitary element v (23). It can be written also as
where the functions w i , i = 1, 2, 3 are given by
Furthermore, in the defining representation, one can verify that v takes another form. This is
which is more appropriate in constructing the required coherent states. The parameters τ − i and τ + i read as
From (32), we can write the coherent states as follows
To completely determine the required states |u 1 , u 2 , u 3 , λ , we use the highest weight conditions (28) and (29). Thus, we show that
where the normalization constant N (u,ū) is given by
Note that, the explicit expression of the coherent sates (38) has been derived in [12] . This derivation is based on the Schwinger realization of the mixed representation (p, q) and the bosonic construction of the vector basis (25).
Quantization of the flag manifold
We discuss now the quantization of a particle living on the flag manifold F 2 . As it will be shown, the particle is submitted to the action of two abelian magnetic backgrounds U (1). The wavefunctions of the present system can be obtained as functions on SU (3) with specific transformation properties under the U (1) × U (1) subgroup. In other words, the quantum description of a "free" particle on F 2 can be performed by reducing the free motion on the group manifold SU (3). This reduction can be established by imposing some suitable constraints on the SU (3) wavefunctions. The classical dynamics of a free particle on SU (3) is described by the Lagrangian
where dot stands for time derivative. Quantum mechanically, the Hilbert space H (p,q) is given by the square integrable functions on the group manifold SU (3), i.e. H = L 2 (SU (3) ). The wavefunctions on SU (3) can be expanded as
where D J n l ,nr (g) are the Wigner D-functions, such as D J n l ,nr (g) = J, n l |g|J, n r
with g ∈ SU (3), J ≡ (p, q) and
are two sets of quantum numbers specifying the right R a and left L a actions. The vectors |J, n r and |J, n l , which are nothing but ones defined by (25), generate, respectively, the basis of SU 
This relation shows that the quantum numbers n r and n l transform, respectively, in the representation J and the complex conjugate representationJ. Thus, H (p,q) decomposes into the sum of irreducible representations, such as
where V J and VJ are, respectively, the vector spaces in which the representation J andJ are acting.
The sum is over all inequivalent unitary irreducible representations of SU (3). The basis of H (p,q) , introduced in the previous section, coincides with that associated to the space V J . Then, we can set the following identification
The quantum dynamics on F 2 can be described by reducing the free motion, or imposing constraints, on the group manifold SU (3). In this sense, following the standard procedure of quantization on the coset spaces, the classical motion on the flag manifold is described by the Lagrangian
where the symbols | T and | F 2 stand for the projection to the isotropy subgroup T = U (1) × U (1) and where l is a combination of the Cartan generators, such as
For the U (1) × U (1) transformations of the form g → gh with
the action S changes by a boundary term 1 2 n 1 ∆ϕ 1 + 1 2 n 2 ∆ϕ 2 . Thus, the equations of motion are not affected by this gauge transformation and the classical theory is defined on the coset space SU (3)/U (1) × U (1) = F 2 . The canonical momenta associated to the direction parameterized by the angles ϕ 1 and ϕ 2 , respectively, are given by 1 2 n 1 and 1 2 n 2 . In this case, the physical states, denoted by ψ(g), in the quantum theory should satisfy two constraints. These are
There is another easy way to see the latter conditions. Indeed, under the transformation g → gh, the variation of the action is given by ∆S = − 1 2 (n 1 ∆ϕ 1 + n 2 ∆ϕ 2 ) (53) and the state ψ(g) transforms as
Using the conditions (52), one can show that the right generators satisfy the commutation relations
when they act on the sates ψ(g). The right generators, or covariant derivatives, play the role of the creation and annihilation operators for the harmonic oscillators. Thus, it is natural to assume that, as usual, the physical states should be annihilated by R +i , such as
This is the so-called polarization condition in the geometric quantization and implies that the physical states, satisfying (56), are holomorphics. The wavefunctions of a quantum theory on the Flag manifold F 2 are the Wigner D-functions satisfying the constraints (52). As we will see later, the polarization condition (56) will lead to the LLL analysis of the present system. Note that, the constraints (52) and (56) are exactly the defining relations for a highest weight state (28-29). Thus, the ground state wavefunctions coincide with the SU (3) coherent states for the mixed representations.
Induced magnetic background
It is well-known that the magnetic field is an important ingredient one should define in order to formulate QHE in any space. Thus, it is natural to ask about this physical quantity in the present analysis. More precisely, how to generate a magnetic background on the flag manifold F 2 . This issue will be treated by considering the geometric features of F 2 .
The SU (3) parametrization, introduced in the first section, will provides us with the Maurer-Cartan one-form and the U (1) connections for SU (3)/U (1) × U (1). To perform this, we identify g ∈ SU (3) with the element v ∈ SU (3)/T given by (23). It follows that a basis of invariant one-forms is given by
The elements e α ≡ e α β du β , with summation over repeated indices, are
The U (1) connections θ j are defined by
They can be also written as
reflecting that θ j are related to the Kähler potential (5) . Actually, we have two abelian connections θ 1 and θ 2 . They correspond to the vector potentials generating the magnetic background field, under which the quantum particle is constrained to move in the six-dimensional manifold F 2 . To make contact with previous works on QHE in higher dimensions, the present situation should be compared with the CP 3 analysis [3] where the particle is submitted only to one U (1) magnetic field. Note that, the symplectic two-form (7) can be derived form the Maurer-Cartan one-form. Indeed, we have
This implies ω = e 1 ∧ e 1 + 2e 2 ∧ e 2 + e 3 ∧ e 3 (62)
which agrees with the ω form given in (7) . Let us denote the elements of the inverse of the 3 × 3 matrix e = (e 1 , e 2 , e 3 ) as (e −1 ) β α . They are given by
To derive the Hamiltonian describing the system under consideration, we should define the U (1)×U (1) gauge covariant differential on F 2 . In this order, from the Maurer-Cartan one-form, we have
Using this relation, one can show that the right generators, R +α g = gt +α , defined by
can be written as
where we have used the constraints (52). They can be mapped in terms of the gauge field as
with a β are given by
Similarly, one can show that
The gauge potential can be written as a = a β du β + aβduβ = − i 2 (n 1 θ 1 + n 2 θ 2 ).
Therefore the corresponding electromagnetic field is given by
where n 1 and n 2 are integers in agreement with the Dirac quantization. It is obvious that F is also as a superposition of two abelian parts F 1 and F 2 . At this stage, we have the necessary ingredients to write down the required Hamiltonian. Inspecting (55), one can set
in similar way to the standard method of the harmonic oscillators. In terms of the covariant derivatives D α and Dᾱ
the operator H takes the form
The forms (72) and (74) show that there is a bridge between the algebraic analysis and the spectral theory. The Hamiltonian is written in terms of the local coordinates and thus one may analytically determine the spectrum of a particle living on the flag manifold F 2 . But next, we use the SU (3) representation theory to get the corresponding spectrum.
Spectrum and lowest Landau levels
At this point, it is clear that to derive the spectrum of the present system, the U (1) gauge fields, or "monopoles" labeled by two integers n 1 and n 2 , will play a crucial role. Note that, n 1 and n 2 are related to the third component of isospin and the hypercharge of a SU (3) irreducible representation.
To analyze the Landau problem on F 2 , we adopt an approach similar to that developed in [3] by studying the Landau spectrum for a quantum particle living on the complex projective spaces CP k . As we have noticed above, the SU ( 
In the presence of two abelian magnetic fields, it is convenient to label the irreducible representation SU (3) R by (p, q) satisfying the relations (26) and corresponding to the irreducible tensor O p 1 ,p 2 ,p 3 q 1 ,q 2 ,q 3 . The wavefunctions rewrite as ψ(g) = D (p 1 +p 2 +p 3 ,q 1 +q 2 +q 3 ) n l ,nr (g) = (p, q), n l |g|(p, q), n r .
(76)
Combining the rule transformations (75) where
and using the constraints (52), we obtain two conditions on the integer right quantum numbers (p 1 , p 2 , p 3 , q 1 , q 2 , q 3 ). These are
The states satisfying the relations (52) are now labeled by four integers. The corresponding energy levels can be derived from of the Hamiltonian (72) as
where the quadratic Casimir C 2 (p, q) of the (p, q) representation is given by
Using (52) together with the constraints (78), one can write E as E(q 1 , q 2 , p 2 , p 3 ) = 1 6m 3C 2 (n 1 + 2p 2 + p 3 + q 1 − q 2 , n 2 + q 1 + 2q 2 + p 3 − p 2 ) − (n 2 1 + n 1 n 2 + n 2 2 ) .
(81) This show that actually the Landau levels are specified by four quantum numbers. In particular, the lowest energy eigenstates, for n 1 and n 2 fixed, correspond to q 1 = q 2 = p 2 = p 3 = 0. This is
with the degeneracy d 0 = 1 2 (n 1 + 1)(n 2 + 1)(n 1 + n 2 + 2) (83) This is exactly the dimension of the (p = n 1 , q = n 2 ) representation or more precisely
The last constraints arise from the polarization (or lowest Landau) condition (56). Therefore, from (42), the wavefunctions describing a free charged particle living on F 2 in LLL are given by
where s j , r j (j = 1, 2, 3) stand for the left quantum numbers of the states, which encode the degeneracy of LLL and satisfy the relation
In (85), |λ is the highest weight vector for the (n 1 , n 2 ) unitary irreducible representation. As far as the flag manifold is concerned, one can identify the group element g with v given by (32). Consequently, the action of g on the state |λ gives the SU (3) coherent states discussed in section 2. Thus, the LLL wavefunctions coincide with the SU (3) coherent states associated to the mixed (n 1 , n 2 ) representation. They are given by [12] 
It is interesting to note that the LLL wavefunctions are in correspondence with the zero modes of the Dirac operators on the flag manifold [13] . We recall that the LLL wavefunctions for complex projective space CP k [3, 5, 6] and Bergman ball B k [9] are, respectively, given by the coherent states of the groups SU (k + 1) and SU (k, 1) in the symmetric representations. Usually, the Perelomov coherent states for SU (3) mixed representation are
where the sum runs over the quantum numbers labeling the LLL wavefunctions. They constitute an over complete basis
where I is the identity operator and the measure dµ = (n 1 + 1)(n 2 + 1)(n 1 + n 2 + 1)
is simply obtained from the SU (3) Haar measure by integrating over the angles ϕ 1 and ϕ 2 , see (51), associated to the isotropy group U (1) × U (1). The coherent states are not orthogonal and the overlapping given by
will be useful to deal with the incompressibility of a collection of N particles living on F 2 .
The N body wavefunctions can be obtained as the Slater determinant Ψ (1)
where each Ψ i j has the form given in (87) and ǫ i 1 ···i N is the fully antisymmetric tensor. This is the first Laughlin state corresponding to the filling factor ν = 1. Other similar Laughlin states can be obtained as Ψ (m)
where m is an odd integer value. The definition of the filling factor
where N φ is the quantized flux and also represents the degrees of the Landau level degeneracy, tells us that the particle density is relevant in QHE and it should be kept constant by varying the magnetic field. In the first Laughlin state, i.e. ν = 1, the density is given by
where we have introduced the radius R of F 2 , such as
and considered the volume of the flag space as vol (F 2 ) = 32π 3 R 6 .
The thermodynamic limit corresponds to the situation in which the radius R and the number of available LLL states are large (R −→ ∞, n 1 , n 2 ∼ n −→ ∞). To determine the particle density in this limit, one may use the Dirac quantization for the flag manifold
where the total magnetic field B is submitted to the constraint
From the above tools, the density can be approximated as
which is constant and has a finite value. This is exactly the particle density on the flat geometry R 6 and therefore corresponds to the fully occupied state ν = 1. It is also interesting to note that the obtained density coincides with that derived in the CP 3 space [5] as excepted since, in the limit of large radius, the geometry of both spaces is flat. In QHE, the quantized plateaus come from the realization of an incompressible liquid. This property is important since it is related to the energy. It means that by applying an infinitesimal pressure to an incompressible system the volume remains unchanged [14] . This condition can be checked for our system by calculating the two-point function correlation. This can be derived by integrating the density Ψ
N over all particles except two. As result, we obtain
in terms of the kernel of two states localized at the positions (u 1s , u 2s , u 3s ), with s = 1, 2. Using (86) together with (87), it is easy to see that, in the limit n 1 , n 2 −→ ∞, the correlation function I(12) goes like I(12) ∼ 1−exp (−n 1 (|u 11 −u 12 | 2 +|u 31 −u 32 | 2 )−n 2 (|u 21 −u 22 | 2 +|u 31 −u 11 u 21 −u 32 +u 12 u 22 | 2 )). (102) This result shows that for a large magnetic field (n 1 , n 2 ∼ n = 2BR 2 ), the F 2 quantum Hall system ν = 1 is incompressible and the probability to find two particles at the same position vanishes, as it is usual in the flat geometry.
Discussions conclusion
We have analyzed, through this paper, some aspects of the Quantum Hall effect at the filling factor ν = 1 on the flag manifold F 2 . More precisely, we have algebraically investigated the eigenvalue problem of a collection of N non-interacting particles living on F 2 . We have shown, in quantizing the theory, that the wavefunctions write as the Wigner D-functions. They satisfy two constraints which are in correspondence with the U (1) abelian gauge fields. The obtained energy levels is easily performed thanks to the SU (3) representation theory. Also, we have derived the analytical expression of the Landau Hamiltonian describing the dynamic of a non-relativistic particle living on F 2 . We have clearly established that the lowest Landau level wavefunctions coincide with SU (3) coherent states expressed in terms of the F 2 coordinates. Finally, we have constructed the Laughlin states describing the fractional quantum Hall effect at ν = 1 m , with m odd integer. For the state ν = 1, we have shown at large magnetic field that the particle density is finite as well as constant and the system behaves like an incompressible fluid.
It is obvious, from previous analysis, that one can obtain the Landau spectrum of a system living on CP 2 . This can be performed by reducing the mixed representation (p, q) to the completely symmetric one (p, 0) or its adjoint (0, q). In this way, one recovers the results of Karabali and Nair [3] . Furthermore, because they are six dimensional, one can compare F 2 and CP 3 analysis [3] . In the CP 3 case, the QHE can be approached following two different ways. The first one corresponds to the situation in which only one U (1) abelian gauge is involved. In the second situation, the particle evolves in the U (3) magnetic background. Another interesting comparison concerns the particle density at large magnetic field. It is remarkable that, in the both spaces F 2 and CP 3 , we obtain the same value which coincides with one obtained for particles living on R 6 .
To close this discussion, as examples of quantum systems submitted to two magnetic fields, we quote the composites fermions and multi-layers or a set of electrons and holes together. Composite fermions are new kind of particles appeared in condensed matter physics to provide an explanation of the behavior of electrons moving in a strong magnetic field B [15] . Electrons possessing 2lΦ 0 , l = 1, 2, · · ·, flux quanta (vortices) can be thought of being composite fermions. One of the most important features of them is they feel effectively the magnetic field
where ρ is the electron density. This magnetic field can be seen as superposition of two abelian parts. Of course, the prolongations of the present work are numerous and some interesting questions still open. The first point concerns the analytical derivation of Landau spectrum (energies and wavefunctions) by solving the Schrödinger equation for the Hamiltonian (74). The second question is related to a possible generalization of the present study to other higher dimensional flag manifolds, i.e. k ≥ 3. Finally, it is natural to ask about the lowest Landau analysis on F 2 for a large number of particles. We believe that this can be done and leads to an analogue of the Weiss-Zumino-Witten action derived for the complex projective spaces CP k [4] or the Bergman ball B k [9] . These issues and related matters are under consideration [16] .
